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Préparation and Molecular and Crystal Structure of

trans-R.S-[Cr(2,3,2-:et)(NCS)2] NCS

oM e Uans 1b . 1c
Helmut R. Maecke, = Berrnard F. Manizen, = Jean Pierre Puaux, ~ and

*1d
Arthur \!. Adamson.

Abstract

The complex [Cr(2,3,2-tet)(ﬂcs)2]HCS was prepared by a route expected
to yield the cis form, namely by stereoretentive substitution of thio-
cyanate for chloride in gj§7Cr(2.3.2-tet)C12+. Crystal structure
determination shows however, that it is th§ trans isomer that actually
is obtained. The structure determination was by x-ray single crystal
analysis. The thiocyanate cocplex crystallizes in the monoclinic
lec space group with a = 8.153 {2), b = 15.556 (2), and ¢ = 14.175 (2) R,
and g = 99.84 (2). There are four formula units per unit cell. The
structure was solved by the heavy-aton method, and full-matrix least-
squares refinement led to a final value of the R(Rw) index of 0.0295 (0.0332)
based on 2380 unique refiecticrs. The chromium atom is hexacoordinated
and the six nitrogen atems for— z sligntly distorted octahedron with a
nearly planar Cri, unit. Thes Jse o7 visible and infrared spectroscopy for
isomer identification is discusszd “or *he ccse of thiocyanate containing
metal ammine complexes. Firzliy, <~z rate constant for thermal aquation
of thiocyanate by aj.eous :r12,3,?-get)iHCS)2+ was found to be 6.4x10'8

sec'] at 53 °C.
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Introduction’

The crystal structure determination reported here was undertakep
as the final resolution of an isomeric ambiguity that developed in tbe
course of another investigation. HWe have been interested in the emigsion
lTifetimes from the first doublet thexi state, D]°, of Cr(III) complexes
in aqueous so]ution.2 Certain emission rules were proposed, as well
as a possible correlation of Tifetime, t, with ground state reactivity.
The specific current study is one of the series CrN4(NCS)2+ where N4 .
denotes a tetradentate ligand, Zwethylene diamine, or four ammonia ligands,

and desired members of this series were cis and trans-Cr(2,3,2-tet)(NCS)2+.

Since substitution reactions of Cr(III) ammines are generally
isomer-retentive,3’4 it was assumed that replacement of chloride by
thiocyanate in authentic gjg:Cr(2,3,2-tet)C12+ would lead to the cis
thiogyanato complex. The reaction proceeded cleanly; the product
chromatographed as a single isomer, yet its emission lifetime was much
longer than expected (26.4 .:sec in 20 °C aqueous so‘lution).5 The
absorption spectrum, (see Fig. 1) showed resemblances to those of both

cis and trans-Cr(en)z(ﬁCS),+. There is no splitting of the first ligand

. . . ' 6
filed or 4 band, as often occurs with trans complexes, however.
The problem of isomer delerminaticn from spectra has been noted before, in

7.8
the case of thiocyanate ccrpiexes. '

Experimental

Materials. -~ Tne li-:-: 7 4. z-tet (1,4,8,11-tetraazaundecane,
HZN—CHZ-CHZ-\i-CHZ-CHZ-i-:-\ -T‘;~11:-NH2? was obtained from Strem
Chemicals, Inc., and Cr07.. 2 -7, “ram Riedel de Haen, §j§;[Cr(2.3,2-tet)C12]
S 9

C1.H,0 was synthezized “olicwir: a iiterature procedure.” 2.7 g of

2




__ _and 1.6 g of 2,3,2-tet were added. The mixture was boiled for thirty

a ' 1

of CrC13-6 H,0 were dissolved in 50 m1 of DMSO (dimethyl sulfoxide)

minutes, foliowed by the addition of 150 cm3 of acetone, which resulted

in the precipitation of 2.5 g of a pink-violet solid. The product was

washed with about 1C cm3

of ice-cold methanol. Aboué 150 mg of a light
green solid, the color typical of a trans-dichloro Cr(&II) ammine, was
obtained on evaporation of the washings. This by-product exhibited a three-
band absorption spectrumn znd has been described ear]ier.10 The spectrum

of the main pink-violet product agreed as well with that in the ]itera’cure,9 H

and the analysis for chromiun Croi', following basic peroxide oxidation]1

gave 15.25 = 0.15 % Cr, as compared to a calculated value of 15.42%.
[Cr(2,3,2-tet)(NCS)Z]NCS. - 1.4 g of the cis-dichloro compound above

~were dissolved in &0 cm3 of water, and 1.5 g of sodium thiocyanate were
added. The mixture was heated, at 90 °C for four hours, with stirring.
On cBOIing to room temperszture a clean appearing crop of orange-red
crystals was obtained, which was washed with 10 cm3 of cold water, to give
a yield of 1.45 g or 85%. Analytical results were as follows: calculated
for [Cr(2,3,2-tet)(ncs)2] NCS: C, 31.08%; H, 5.22%; N, 25.37%; Cr, 13.45%.
Found: C, 31.0¢%; H, 5.25%; N, 25.36%; Cr, 13.40%. The product appeared

to be iscmericaily pure. The crystals were uniform in color and shape.
Elu%ior  frcn Sepnadex S€-23 with 0.1 M NaC]O4 occurred as a single
narrow ban'. The eﬂissian.from D]° fitted a single exponential, not
expectes i7 %o isorers were present. Finally, repeated recrystallizations
did not aitzr zfe u,v.-visible absorplion spectrum,

Abscrriion snectre. - The u.v.-visible absorption spectrum of

u Crpeey + .
aqueous Cri2,2,2-tet* NCS), (the trans isomer, to anticipate the
2 Irans

structure deter-irztiazrn’ is 370w in Fig. 1. The maxima are (i, nm;
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Tem™): (2325 1.92010%), (308; 9.58x10%), (362; 69.5), (485; 92.7).
The spectrum was obtained by means of a Beckman Acta MVI spectrophot?meter.
The infrared absorption spectrum was determined on using a Perk%n
Elmer model 157G instrument (X Br pellet). The detailed listing of i
features is availahle as supplementary material. |

Collection and reduction of the x-ray data. - A single crystal was

mounted on an ENRAF-NORIUS fdur-circle CAD-4 diffractometer controlied

by a POP 8/A computer, using MoKa radiation from a highly oriented
graphite-crystal monochromator. “The orientation matrix was refined by
least-square computations using 21 reflections in the reference list.
Diffraction data were collected at 291 + 1 K py using the w - 26

technique for the 1 < 3 < 30° range. The scan widths (Sw) were

calculated from Sw = (0.80 + 0.35 t an 6)°. The calculated scan angle

was gxtended at each side by 25% for background determination. The net
count was then calculated as NC =1 - 2 (LB + RB),wereI, LB and RB are
respectively the integrated peak intensity, the left and the right
background. Reflections were considered as unobserved if a rapid prescan
was less than 10 counts above the background. In order to detect possible
x-ray destruction of tre crystal, the (4,4, -2) reflection was periodically
checked. Data reducticr ,ielded 2380 unique reflections in the half

reflection szhere (0 k o, h k . triplets), which were corrected for

standard Lorentz snd poarizztion factors and the absorption was neglected
(#R = .29).
Structire solutier :- rz-“-rament, - The structure was solved by
the usual hea.y-atem ~e: _:..: 5 PSTTERSON map revealed the position
of the chromiur atom. ‘“*er tiu position&l and thermal parameters of

the chromium ato~ wers refirzd, "3 Fourier transform revealed the sulfur,
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nitrogen and .carbon atoms of the thiocyanate groups and the four nitrogen
atoms of the tetradentate tetramine ligand. After refinement of ihe
positions, a subsequent Fourier transform revealed the missing nine carbon
atoms of the tetramine chain. At this stage of the refinement, the
weighting function o = (a + bjFoj}21;13 was introduced together with the
position of all the 20 hydrogen atoms. The final refinement with the
hydrogen atoms led to a R(Rw) value of 0.0295 (0.0332).

The refinements were ~erformed by using least-squares full-matrix
calculations. The atomic coordinates and the thermal parameters were
refined by minimizing fw(|Fo| - [Fcl)z, the weighting function being

w = (2|[Folmin + lFo] - 2 |Fo|2/|Fo| )'] in the last stage. Listings

max
of the observed and calculated structure amplitudes and of the anisotropic
Uij parameters of all but the hydrogen atoms are available as supplementary
material.

Results and Discussion

Structural results. - The crystal structure data and experimental conditions

are summarized in Table I. Of principal interest to us, the molecular
structure is as shown in Figs. 2 and 3, and clearly defines the complex as being
the trans-R.S-isomer, or mesgform contrary to the synthetic expectation. Some
representative bond distances and angles are given in Table II (a detailed
lisiing, including ones involving hydrogen atoms is available as part

of the supplementary material),

Referring to Fig. 2 or 3, the féur nitrogen; of the tetramine ligand form
an alnost perfect plane, the chromium atom being located at 0.0133 (3) R above it,
which allows an almost perfect Cr(III).1igand overlap. The three rings are in
the gauché, chai», sauchke conformation, repectively. The two coordinated thio-

cyanate groups a-e almost co-linear, complet%ng a slightly distorted octahedron.

The coordinated thiocyanate groups are futher from linearity than is the




-6~

counter anjop. The nitrogen atoms of the amine as well as the carbon atoms

of the tetramine chain are at the center of slightly distorted tetrahedra,

. . —

the bond angles being close to the theoretical value 6f 109.6°. The
average nitrogen-hydrogen and carbon-hydrogen bond distances, not included
in Table II, are close to 1 K. Other distances, such as between the
various nitrogens, are about as expected.

Use of absorption spectra for isomer designation. - Infrared

spectroscopy fras on occasion been invoked  in assigning isomers in
octahedral complexes7 and the present case pro#i@es a test of the
reliability of the criterion. The more relevant frequencies are given in
Table IIIfor several complexes. The most consistent variations are in
the 800 - 900 cm" region. One criterion has been that the presence

of a doublet near 890 cm™) !

and a singlet near 800 cm ' indicates a trans
configuration. The cis complexes show at.least three bands around
860 ;m'] and a doublet around 810 cm'l. It would have been satisfactory to
use these criteria here in that the assignment of trans configuration
would have been correctly made.

Again, isomer designation has been concluded from the appearance
of the first and second ligand field absorption bands. The L7 band tends
“0 show a shoulder in the case of the trans form, and both bands tend to
be less intense than for the cis isomer. Yet in the present case, no
sroulder is apparent (Fig.:]). Moreover, the extinction coefficients are

lerger for our complex than for Eig-Cr(en)2012+ (egog = 71 n' en™? and

11,15
g

, = 69 N oem It certainly appears that for thiocyanate

€4C
centaining Cr(IL1T) ammines, the D4h tigand field splitting is smaller

ttan for analogou: cnioride complexes, and the extinction coefficients,

higher, The relatively larce extinction coefficients may result from intensity

stealing from the thiccyandte charge transfer transition at 308 mm.




Stereocﬁemical aspects. - We can speculate about the reason for the

non-stereoretentive substitution of thiocyanate for chloride 3n the

 m— —

case of £i§gCr(2,3,2-tet)C12+. It does appear that the 2,3,2-tet

ligand favors a trans configuration; this has been demonstrated in cases
involving Co(111), Rh(III) and Ni(II) complexes.g} Only with Cr(IIl)

was a cis configuration obtained. The stereochemistry?cou]d be determined

l
as a matter either of kinetics or of thermodynamic preference. For -

example, on mixing aqueous Ni(II) and 2,3,2-tet, the less stable
cis isomer first obtains, followed by a slow iéomerization to the
trans form.15 Solvent may play a role. The cis Cr(2,3,2-tet)C12+
is prepared in DMSO, while our preparation of the thiocyanato complex was
in aqueous solution, a medium in which protonation of the ligand may be
of importance. Again, results on N\'(Z,:’,,Z-tet)‘z+ are of interest; the cis
complex is the most stable isomer in DMSO wﬁereas the trans form is the
more.stab1e in water-.]6

The thermal aquation reaction of the gggg§¢Cr(2,3,2-tet)(NCS)2+
gives a single product, most likely m—Cr(Z,3,2—tet)(NCS)(H20)2+,
with a rate constant of 53 °C of 6.4x10'8 sec'] (as determined by the rate
of thiocyanate release). The complex is thus far less labile than

2+ 10 2+ 17

Eﬁgﬂi-Cr(en)ZC12 or trans-Cr(en)z(NCS)2 (k(55°C) = 6.6x10’65ec'])

and less lzbile even thzn £j§fCr(cyc1am)(NCS)2+ for which k53°c is
1.5x107/ sec'].5 We plan to examine separately the possible correlation
between Thermal robustness and doublet state emission lifetime, suggested

fron proposed amission rules.
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Table I

Summary of Crystal Data and Intensity Collection

for trans-[Cr(2,3,-tet)(NCS)Z]NCS

mol wt

space group

a,k

b,k

c.h .
8,deg

vk,

cell content
p(calcd), gcm'3
cryst dirmens, mm

-1
u cm

scan speed, deg min"!

measd reflictns
obsd reflctns used

refined scale factor

386.5
P21/c
8.153 (2)

15.556(2)
14.175 (2)

' 99.84 (2)

]77].2[

C

4 (CrSZN SCN)

6C1012
1.43

0.35 x 0.35 x 0.4
9.73

10.06 - 1.68

4254

2380, 1 > 2 o (1)

.803 (2)




Table II
Selected Bond Lengths (R) and Angles (degrees) for
trans-[Cr(2,3,2-tet) (NCS), JNCS
Cr-NS1 1.981 (2)‘ NS1-Cr-NS2 178.89 (9)
Cr-1S2 1.978 (2) NS1-Cr-N4 88.75 (9)
Cr-N4 2.092 (2) NS1-Cr-N5 90.07 (9)
Cr-N5 2.068 (2) NS1-Cr-N6 90.00 (9)
Cr-N6 2.057 (2) NS1-Cr-N7 89.76 (9)
Cr-N7 2.067 (2) _NS1-C1-S1 176.8 (1)
N4-N5 2.767 (3) * NS2-C2-S2 177.9 (2)
H5-N6 3.007 (3) NS3-C3-S3 178.6 (3)
N6-N7 2.743 (3) N4-C41-C42 108.9 (2)
! : .N7-N4 '3.]75 (3) C41-CA2-N5 108.0 (2)

C1-s1 1.605 (3) C42-N5-C51 112.2 (2)
C2-52 1.596 (3) N5-C51-C52 111.8 (2)
C3-S3 1.622 (3)

C1-N$1 1.159 (3)

C2-NS2 1.160 (3)

C3-NS3 1.136 (3)

®
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Legends for the Figures.

Figufgni.
Figure 2.

Figure 3.

[P -SUI i ~* PP .Y

Absorption spectrum for aqueous trans-{Cr(2,3,2-tet)
(HCS)Z]HCS.

Stereoview of the 3§gﬂ§f[Cr(2,3,21tet)(NCS)ZJNCS
unit. %

The Egggég[Cr(2,3,2~tet)(NCS)Z]NC% unit with atom
numbering scheme. Atoms are drawn as 50% probability

ellipsoids.
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TABLE 1

POSITIONAL AND ANISOTROPIC THERMAL PARAMETERS
! ' ] ! ! t
!  ATOM ! x ! y ' z ! Beq b !
1 ] ! ! 1
! !
! ' ! ! ! ]
" Cr ! 0,38%521 (5) 0.26183 (2) ! 0.32885 (2) 2.6 !
| 1 1 1 ! =
!
‘s ! 0.6754 (1) ! 0.39%544 (5) ! 0.10591 (5) ! 4.3 !
' ]
! s2 ! 0.1186 (1) ! 0.09798 (6) ! 0.53832 (6) ! 6.6 !
' - !
! s3 ! 0.7751 (1) ! 0.43280 (5) ! 0.46696 (5) ! 5.8 !
! 1
! NS1 ! 0.4961 (3) ! 0.3221 (1) ! 0.2339 (1) ! 4.1 !
! !
! NS2 ' 0.2766 (2) ! 0.2032 (1) 1 0.4256 (1) ! 4.0 !
! !
‘ ! NS3 . ! 0.6009 (4) ' 0.3742  (2) ! 0.6047 (2) ! 6.2 !
i ! |
! N4 ! 0.3396 (3) ! 0.3814 (1) ! 0.3868 (1) 1 4.9 !
1 ]
! N5 ! 0.1561 (3) 1 0.2828 (1) ! 0.2439 (1) ! 4.4 !
! 1
! N6 ! 0.4207 (3) ' 0.1462 (1) ' 0.2650 (1) ! 4.0 \
! -
1 N7 ! 0.6152 (3) ! 0.2351 (1) ! 0.4097 (1) 1 4.1 !
! i .
! C1 1 0.57:1 (3) !0.350 (2) ! 0.1797 (2} ! 2.9 !
' 1
' 4 : -
! c2 ' 0.2120 (3) ! 0.1594 (2) ! 0.4744 (2) 1 3.7 !
1 e e e e e e et e e e e e e e e e o o e o e 1
1 C3 ' Cc.g727  (4) ' 9,3900 .(2) ' 0.5487 (2) ! 3.9 !
! ——— 1
L3
' cal toaL1esr (4) ' 0.4187 (2) ! 0.3269  (2) 1 5.3 !
1 e e e et e e e e e i e 8 o e ——
' c42 'o.0uB4 (4) ' 0.3477 (2) ! 0.2938 {2) ! 4.5 !
) e e~ ——— - ]
.‘ . N 0,207 (2) Y 0.2127  (2) 5.6 '
e et m e e e e o e o 2 1 0 S o e e e 2 et 0 e o e — !




S-2 |
b [}
' ATOM ' % ' y ! z 1° ‘ Beq
!
! C52 ! 0.1422 (4) ! 0.1402 (2) ! 0.1651 (2) ! 7.1 :
! 1 !
! C53 ' 0.2729 (4) !t 0.0918 (2) ! 0.2320 (2) ! '5.3 !
1 : []
! C61 ! 0.5522 (4) ! 0.0991 (2) ! 0.3302 (2) ! 3.2 ! :
' ! /
! C62 ! 0.6880 (4) ! 0.1621 (2) ! 0.3641 (2) ! 2.9 !
! !
! H4l ! 0.328 (4) ! 0.3722 (2) ! 0.452 (2) 1 5.5 (8) !
! - !
! Ha2 1 0.435 (5) ' 0.422  (2) ! 0.387 (3) 1 7.1 (9) !
! !
! H41l ! 0.146 (4) ' 0.465 (2) ! 0.352 (3) ! 6.8 (9) !
' 1
! H412 !t 0.236 (5) ! 0.446 (2) ! 0.274 (3) ! 5.7 (9) !
1 !
|- ! H&2} . ! 0.036  (4) ' 0.314 (2) ! 0.345  (3) ! 5.3 (8) !
! ]
! H422 ! ~0.023 (5) ! 0.368 (3) ! 0.251 (3) ! 7.3(1.0) !
' !
! H5 ' 0.183 (4) ! 0.208  (2) ! 0.182 (2) ! 4.2 (7) !
! !
! H511 ' 0.020 (&) '0.181 (2) ! 0.272 (2) ! 4.1 (7) !
e e e e e e o o o o . e e o e . S S o 4 e 2t e e A A e S !
1 4512 '- 0.039 /s Poo0.227 {3) ! 0.175% (3) ! 6.8 (1.0) !
_____ - -—————— 1

' 0.116 (2) ! 5.7 (9) !

i2) t 0.139 (3) ! 6.3 (9) !

:) © ..o 'z, 1 o0.288  (2) ' 4.7(8) !

(e . 3 ! 0.200 (2) ! 5.3 (7) !

—————— o s S S —— S R S S D S P . S P e o P " 8 - s #1 G

Loira L2 ! 0.205 (2) 1 4.6 (7) !




\ . T
ATON ) X ) y ) z . ’ Beq

. —-H61 — 0.579 (4) | 0.049 (2) ! 0.303 (2) sl (7)
!
! H612 ¢ 0.503 (4) ! 0.074 (2) 1 0.385 (2) v 4.1 (7)
!
! H621 ! 0.730 (4) ! 0.181 (2) ! '0.31‘]a (2) 1 3.9 (6)
‘ |
! H622 't 0.769 (4) t 0.137 (2) ! 0.40}7 (3) ! 5.6 (8)
!
! H71 ! 0.599 (4) t 0.221  (2) ! 0.474 (2) 1t 5.3 (8)
! - -
! H72 ! 0.692 (4) ! 0.284 (2) ! 0.419 (2) !t 5.5 (8)

a ESds shown in parentheses have been adjusted to the last digit (or digits)

.of the preceding numter {or numbers)

b Calculations for all but the H atoms have been made with anisotropic thermal
pararesirs . The- -~i1able as supplementary material . Equivalent
isotropic parameters have teen calculated from the refined Bij parameters

through

Beq = 4/2 8., a.a,

M




TABLE II . .

-]
DISTANCES (A) AND ANGLES (Deg)

INTERMOLECULAR DISTANCES AND ANGLES

Cr  POLYHEDRCN ' | -
| .
f Cr-NS1  1.981 (2} N7-N4  3.175 (3)
% Cr-NS2 1.978 (2) NS1-N4 2.848 (3)
| Cr-Ha 2.092 (2) NS1-N5 2.866 (3)
Cr-N 2.068 (2) . ' NS1-N6 2.855 (3)
Cr-N6 2.657 (2) NS1-N7 2.856 (3)
Cr-N7  2.067 (2) NS2-N4 2.889 (3)
N4-N5 2.767 (3) NS2-N5 2.876 (3)
N5-N6 3.007 (3) NS2-N6 2.875 (3)
|- ’ N6-N7,  2.743 (3) NS2-N7 2.851 (3)
NS1-Cr-NS2  178.892 (2) N5-N4-N7 87.85(8) i
NS1~-Cr-N4 88.75 {9) N4-N5-N6 91.71(8)
NS1-Cr-%5 80.07 19) N5=N6-N7 91.80(8) 1
! S1-Cr-1i6 9C.(5 {2 NG-N7-N4 88.64(8)
| NS1-Cr-i7 £2.76 (% NS1-N4-NS2 87.23(9)
NS2<Clr-lid 90,42 [0} NS1-./5-NS2 87.16(8)
’ NS2-Cr-15 LoEE e 'S1-6-NS2 87.38(8)
NS2-Cr-li5 20,57 3 . NS1-N7-NS2 87.82(9)
NSz-Cr-17 2.3 "% N4-NS1-N6  93.26(9)
A =Cr-l5 IR . NS-NS1-N7  92.50(9)
,
K4 -Cr-=1% 03,77 ¢ N4-is32-N6  92.01(9)

4

- e arem
o U=

NS-NS2-~N7  92.38(9)

»N
i
[
(41




THIOCYANATE IOUNS

5-6

Cl=-S1 1.605 (3) NS1-C1-S1 176.8 (p)
ce-s2 1.596 (3) NS2-C2-82 1749 (é;)
C3-83 1.622 (3) NS3-C3-S3 178.6 (3)
C1-N31 1.159 (3)
C2-NS2 1.1€0 (3)
C3-NS3 1.136 (3)
TETRAIMINE CHAIN -
NAa-Ca1 1.488 (4) N4-C41-C42 108.9 (2)
cai-caz 1.499 (4) C41~C42-N5 108.0 (2)
CA2-NS 1.484 (4) C42-N5-C51 112.2 (2)
N5-C51 1.483 (4) N5-C51-C52 112.8 (2)
C51-C52 1.509 (4) C51-C52-C53 114.7 (3)
céz-csz 1.502 (4) C52-C53-N6 111.4 (2)
C53-N6 1.480 (4) C53-N6-C61 112.2 (2)
N6-C61 1.484 (3) N6-C61-~C62 107.1 (2)
C61-C62 1.496 (&) C61~-C62~N7 108.2 (2)
C62-17 1.480 4]
WITROSEU=-HYLRaGD T 70l s
lNa-tHa! Y - £)  Cr-Na-c41 108.0 (2)
NA=H12 0 1,00 (4 - t2)  Cr-N4-H4l 105.7 (2)
- 7 13)  Cr-N4-HA2 115.3 (2)
nEabg 1.02 (%) - (é) Cr-N5-C42  '106.9 (2)
Cr-N5-C51 118.1 (2)
- (2).
Cr-N5-H5 110.6 (2)

c Fuas

e A A it




S-7

N&E-HG 1.01 (3) C53-N6-H6 106 (2) Cr-N6~C53 118.1 (2)

Cr-N6-C61 107.4 (2)
C61-N6-H7 110 (2)
Cr-N6-H6 100.8 (2)

|
N7-H71 0.97 (3) C62-N7-H71 112 (2) Cr-N7+C62 107.8 (2)

i
N7-H72  0.98 (3) C62-N7-H72 111 (2) Cr-N74H71 115.0 (2)
H71-N7-H72 104 (3) Cr-N7-H72 116.7 (2)

CARBON HYDROGEN BONDS

C41-H411 0.90 (4) N4-C41-H412 102 (2)
C41-H412 0.99 (4) C42-C41-H4l1l 116 (2)
C42-C41-H412 113 (2)
N4-~C41-Ha11 115 (2)
H411-C41-H412 101 (3)
! : C42-H421 0.98 (4) N5-C42-C422 108 (3)
C42-H422 .94 (4) C41-C42-Ca21 114 (2)
N5-C42-C4a21 102 (2) C41-CA2-H422 111 (3)
H421-C42-H422 113 (3)
Chi-inl 1.02 (3) N5~C51-H512 106 (3)
C52-C51-H511 108 (2)
S S ) 0.88 (4)
NSNS PRI B 107 (9) C52-C51-H512 113 (2)
H511-C51-H512 111 (3)
® - -
(i id 0.93 (43 " 53-C52-H521 108 (2)
DLt gD c.x1 (4) C53-C52~H55 108 (3)
1]
R LI 19703 H521-C52-H522 109 (3)
A )| 113

e e 3 e i et 0t A e 0 02D M 0 W S e e o o = o o e =

. . Aumnaiilie PYCIPEN .‘-».d
e —— s ————————— e, T LR R A A . dandiny ’ a




5-8

C53-#531 0.98 (4) N6-C53-H522 106 (2)

C53-H532 1.02 (5) C52-C53-H531 111 (2)
N6-C53-H531 108 (2) | €52~C53~H532 112 (2)
H531-C53-H532 108 (3) -
i
C61-H611 0.91 (3) N6-C61-H612 109 (2)
C61-H612 1.01 (3) C62-C61-H611 119 (2)
N6-C61-H611 111 (2) ) C62-C51-H612 112 (2)
H611-C61-H612 99 (3)
C62-H521 0.89 (3) N7-C62-H622 110 (2)
) C62-H622 0.91 (3) C61-C62-H621 109 (2)
N7-C62-H621 110 (?) C61-C62-H622 110 (2)
! H621-C62-H622 110 (3)




S-9

TABLE III

£, R710H OF LEAST- SUUARES PLANE (a)
N4 - 1% - N& ~ N7
0.57230 X + 0.4638 Y - 0.6765 7 - 0.1356 =0
|
L] ]
ATOM p,4° ATOM Y
nA ©.003 (3) NG '0.010 (2)
NS - 0.010 (2) N7 . - 0.010 (2)
c " : c
Cr - 0.0133(3) Cc51 - 0.713 (3)
c c
1ns1 1.967 (2) ch2 -~ 0.250 (3)
v nC c
182 1.9291 (2) Ch3 - 0.136 (3)
c [
cat 0.222 (3) c6l - 0.423 (3)
c . c
. . caz - 0.292 (3) c62 0.297 (3)
a Plarnes are deTired as AX + BY + CZ +D = 0,X, ¥ and 7 being
orittoronalized cooriinates .
b Digtz2nes of & given atom from the mean plane
c f--73 pot incided in the calculation of the plane .




Table IV. INfrared spectrum of

3110
2970
2960
2930
2880
12055
1585
1485

1465

|
>
|

s-10

tr- Cr(2,3,2-tet)(NCS), +Nes™

v (N-H)

? (C-H)

v (C=N)

gas (N"Hz )

3 (om,)

EW( Cid,)




1313

T —— 1302

1294
1234
1153
1142
1119
1087
1082
1050
1032

1026

998
996

941
9186

&83

8y
2
Lo

&Co

8p

vah

.

P (VE)

X(NHZ)

Ce (NHZ)

J(K(CHZH (’w(NHa)

V (C~-8) .coordinated

Y (C~8) non coordinated




~-re
5-12 X |
49 m V (Cr-N) f
534 w - ‘
516 e, \
492 n |
¥ (scw)
484 msd
468 v
445 AL
390 m -
340 m
£ (cycle)
336 mos
. 313 vw
! : .+ 250 vy

m: wedium; 8: strong; v: very; w: weak; sh: shoulder;

sp: sharp.
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